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ABSTRACT
Background and Objectives: Natural orifice transluminal
endoscopic surgery involves the introduction of instruments
through a natural orifice into the peritoneal cavity to perform
diagnostic and therapeutic surgical interventions. We report
the utilization of the vaginal opening at the time of laparo-
scopic-assisted vaginal hysterectomy or total laparoscopic
hysterectomy as a natural orifice for appendectomy.
Methods: We reviewed cases of 42 patients who under-
went total laparoscopic hysterectomy or laparoscopic-as-
sisted vaginal hysterectomy followed by appendectomy,
performed by applying a stapler and removing the appen-
dix transvaginally. By using a small-diameter laparoscope,
the appendix was mobilized, especially in patients with
adhesions, endometriosis, or retrocecal appendix, to fa-
cilitate transvaginal access with the stapler.
Results: All procedures were performed successfully
without intraoperative or major postoperative complica-
tions. The appendectomy portion of the procedure took
approximately 5 minutes to 10 minutes. Appendiceal pa-
thology included serosal adhesions (14), fibrous oblitera-
tion of the lumen (12), endometriosis (4), serositis (2), and
carcinoid tumor (1), among others.
Conclusions: Appendectomy performed with an endo-
scopic stapler introduced transvaginally for amputation
and retrieval following total laparoscopic hysterectomy or
laparoscopically assisted vaginal hysterectomy appears to
be a safe and effective modification of established tech-
niques with acceptable outcomes.
Key Words: Transvaginal appendectomy, Incidental ap-
pendectomy, laparoscopy, Hysterectomy, LAVH.
INTRODUCTION
Minimally invasive surgery is defined as performing major
operative procedures through smaller incisions. This re-
sults in less trauma and pain, faster recovery, and a better
cosmetic outcome for the patient. With advancements in
technology and developments in new and stronger light
sources, smaller diameter scopes, and ancillary instru-
ments like stapling devices, more procedures can be done
through minimally invasive surgery. These new technol-
ogies have led us to an era of even less-invasive proce-
dures. Natural orifice transluminal endoscopic surgery
(NOTES) involves the introduction of instruments through
a natural orifice into the peritoneal cavity to perform
diagnostic and therapeutic surgical interventions.1,2
NOTES could result in smaller incisions and a subsequent
reduction in postoperative pain, wound infection, adhe-
sion formation, and nearly eliminate the risk of hernia
formation. Although several reports have demonstrated
the technical feasibility of per os transgastric and transco-
lonic approaches to certain procedures, current endo-
scopes and instruments are too flexible and insufficient to
allow wide usage of this technology for procedures such
as appendectomy. On the other hand, with enhancements
in visualization provided by small scopes and the intro-
duction of micro-instruments, increasing numbers of pro-
cedures could be done through 5-mm or smaller abdom-
inal wall incisions assisted by the endoscopic technique.
For now, the combination of a small-diameter scope and
instruments with the natural orifice technique, such as
transvaginal, may allow less-invasive procedures and fa-
vorable outcomes.
Appendectomy following a laparoscopically assisted vag-
inal hysterectomy has been done after removal of the
uterus performed using standard laparotomy techniques
from the vaginal approach.3 Building on this technique,
vaginal removal of the appendix has been performed
through a colpotomy incision made specifically for its
removal through a trocar inserted in the posterior vaginal
fornix.4,5 This report describes evolution through the
aforementioned techniques. We present a modified
method for appendectomy during total laparoscopic hys-
terectomy (TLH) or laparoscopically assisted vaginal hys-
terectomy (LAVH) performed through the small-diameter
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SCIENTIFIC PAPERlaparoscope and a single-camera system utilizing the col-
potomy incision for uterine removal, introduction of an
endoscopic stapler, and subsequent appendiceal removal.
MATERIALS AND METHODS
Forty-two patients underwent laparoscopic appendec-
tomy at the time of total laparoscopic hysterectomy (TLH)
or laparoscopic-assisted vaginal hysterectomy (LAVH)
with concomitant appendectomies at a tertiary care center
in Atlanta, Georgia. All patients signed informed surgical
consent, Institutional Review Board approval of this re-
port was obtained, and patient confidentiality has been
maintained at all times. The mean patient age was 45.7
years (range, 32 to 63). Indications for hysterectomy are
listed in Table 1. All patients underwent a routine preop-
erative mechanical and chemical bowel preparation and
received one dose of prophylactic intravenous antibiotics
immediately prior to the start of the procedure.6 Mul-
tipuncture operative laparoscopy was performed with the
patient under general endotracheal anesthesia, as previ-
ously described.6 In most cases, umbilical and suprapubic
5-mm ports were used. When use of an operative laparo-
scope was necessary, a 10-mm umbilical port was used.
Ancillary procedures are listed in Table 2. Endometriosis,
adhesions, and other pelvic pathology were treated until
anatomy was restored. Hysterectomy was completed as
described previously.7
Appendectomy was performed following vaginal removal
of the uterus during TLH or after a laparoscopic colpot-
omy incision was made during LAVH, for larger uteri,
prior to morcellation and removal of the uterus vaginally.
A sterile glove containing two 4x4-cm sponges was placed
in the vagina to maintain pneumoperitoneum.8 Using
3-mm or 5-mm conventional coagulating and cutting in-
struments, mostly bipolar forceps and scissors or ultra-
sonic shears, the mesoappendix was electrodesiccated
and cut until the appendix was mobilized to its base. In
cases of retrocecal appendix, retroperitoneal structures
were identified and attachments of the bowel and me-
soappendix were freed. An endoscopic 2.5-mm stapler,
the ETS Compact Flex 45 Articulating Linear Cutter (Ethi-
con Endo-Surgery, Cincinnati, OH) or the ENDO GIA (US
Surgical, Norwalk, CT) was introduced into the pelvic
cavity via the colpotomy incision and over the vaginal
glove. The stapler was placed across the appendiceal
base, and amputation of the appendix was performed
with one application (Figure 1). The appendix was then
removed via the colpotomy incision, with or without the
use of an endoscopic bag (Figure 2). Following appen-
diceal removal, copious irrigation of the abdomen and
pelvis was performed, and the vaginal cuff was closed in
routine fashion for TLH, with laparoscopic suturing with 0
Vicryl interrupted and extracorporeal knot tying.7 If uter-
ine morcellation was done vaginally and the cuff was
easily accessible, closure was done vaginally with 0 Vicryl
figure of eight sutures.
RESULTS
All intended surgical procedures were carried out success-
fully. The procedure time of the appendectomy was ap-
Table 2.
Ancillary Procedures
Procedure Number
Cystoscopy 42
Lysis of adhesions 41
Treatment of endometriosis 33
Adnexectomy 37
Culdoplasty 26
Enterolysis 26
Ureterolysis 15
Sigmoidoscopy 9
Cholecystectomy 4
Ureteral catheterization 2
Ureteroneocystostomy 1
Ovarian cystectomy 1
Anterior/posterior colporrhaphy 1
Rectosigmoid lesion excision 1
Burch procedure 1
Table 1.
Indications for Surgery*
Indication Number
Pelvic pain 41
Abnormal uterine bleeding 24
Endometriosis 17
Persistent adnexal mass 6
Symptomatic leiomyomata 6
Endometrial hyperplasia 4
Symptomatic pelvic relaxation 2
Endometrial cancer 1
*Most patients had more than one indication.
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complications or major postoperative complications oc-
curred. Forty of 42 patients were started on a clear liquid
diet on postoperative day one and advanced to a low-
residue diet within 48 hours without difficulty. One pa-
tient was started on a clear liquid diet on postoperative
day 2 without complication. Another patient, who had a
long history of abdominal pain, endometriosis, adhesions,
and a gallbladder polyp, developed postoperative ileus
that resolved with bowel rest. In addition to hysterectomy
and appendectomy, the patient underwent extensive en-
terolysis, left ureterolysis, treatment of pelvic fibrosis and
endometriosis, right salpingo-oophorectomy, culdoplasty,
cystoscopy, sigmoidoscopy, and cholecystectomy. Intra-
operatively, the mesoappendix was thickened, congested,
and adhered to the pelvic brim, but the appendectomy
was completed in the intended fashion. The patient toler-
ated a clear liquid diet by postoperative day 4. One patient
had a temperature of 101.8° Fahrenheit on postoperative
day one without any obvious source of infection. This was
presumed to be due to atelectasis and resolved with pul-
monary toilet.
The mean postoperative stay was 1.5 days with 24 patients
discharged home on the first postoperative day, 15 on the
second, 1 on the third day, and 2 on the fourth. Patholog-
ical studies of 30 appendectomy specimens revealed
mostly serosal adhesions (14) and fibrous obliteration of
the lumen (12) (Table 3). Twelve specimens showed no
significant abnormal pathology, and several specimens
had more than one pathology.
Patients were seen for follow-up visits during postopera-
tive weeks 1 and 6. Minor outpatient postoperative com-
plications were as follows: 3 urinary tract infections (UTI)
successfully treated with oral antibiotics, 1 umbilical inci-
sion cellulitis treated with oral dicloxacillin, and 1 vaginal
cuff granulation tissue repair 3 months after the hysterec-
tomy. There were no other febrile episodes and no cases
of vaginal cuff infection.
DISCUSSION
The lifetime risk of developing acute appendicitis is 7%.9
The incidence of appendicitis causing abdominal pain
depends on the clinical setting. In series from emergency
departments or surgical services, 25% of patients under
age 60 who are evaluated for acute abdominal pain have
Table 3.
Pathology Results
Pathology Number*
Serosal Adhesion 14
Fibrous obliteration of the lumen 12
Endometriosis 4
Serositis 2
Intramucosal inflammation 1
Mesothelial lines cyst 1
Fibrosis 1
Mucocele 1
Carcinoid tumor 1
*Some specimens had more than one pathology, and 12 speci-
mens had no significant pathology. Figure 1. A linear stapling cutter is introduced through the
posterior colpotomy to amputate the appendix.
Figure 2. The glove maintains pneumoperitoneum as the stapler
and specimen are removed through the colpotomy.
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citis remains significant even with the advent of antibiotics
and surgical management. Although the overall mortality
rate of treated appendicitis is less than 1%, in the elderly
it remains approximately 5% to 15%.1,2,10 The incidence of
perforation in patients with appendicitis ranges from 17%
to 40% with a median of 20%.11,12 The perforation rate is
significantly higher in the elderly, with rates as high as
60% to 70%.13 The negative laparotomy rate in patients
with abdominal pain ranges from 15% to 35% and is also
associated with significant morbidity. The negative lapa-
rotomy rate is significantly higher in young woman (up to
45%).14,15
Incidental appendectomy has become a commonly prac-
ticed procedure, and since the first description of laparo-
scopic appendectomy in 1983 by the late Professor Kurt
Semm,16 surgeons continue to search for innovations to
improve efficiency and technique. Although there is con-
cern about increased morbidity associated with incidental
appendectomy during lymphadenectomy, there are many
reports of its safety.17,18 The ACOG Committee Opinion
states that in patients with a history of endometriosis or
undergoing evaluation for chronic pelvic pain, incidental
appendectomy may demonstrate a clear benefit.19 Al-
bright et al20 reported a benefit in cost for women under-
going incidental appendectomy during laparotomy of
$7,776 per 10,000 population in the age group of 0 years
to 5 years and $1,092 per 10,000 population in the 40 to 49
age group. Ideally, incidental appendectomy does not
require the introduction of new instrument systems, but
simply modifies the utilization of available equipment.
Originally, vaginal appendectomy was only possible
when the appendix was easily accessible during total
vaginal hysterectomy.21 In earlier years during LAVH, the
appendix was mobilized laparoscopically, but amputated
and removed vaginally by standard laparotomy tech-
niques.3 Minimally invasive surgery and new instrumen-
tation has allowed for the incidental appendectomy to
develop from a vaginal approach, mainly through laparo-
scopic colpotomy incisions. The performance of a poste-
rior colpotomy during laparoscopy has been described for
removal of the gallbladder, kidney, spleen, resected por-
tions of colon, and pelvic masses.22–26 Ghezzi et al4 de-
scribed appendectomy utilizing endoloops through ab-
dominal 5-mm trocars and a posterior colpotomy for
retrieval with an endoscopic bag. In 2007, Tsin et al5
utilized 3-mm to 5-mm abdominal trocars and introduced
a 12-mm ETS endoscopic linear cutter (Ethicon Endo-
Surgery, Cincinnati, OH) through the posterior cul-de-sac
in a varied appendectomy method. The appendix was
removed via an endoscopic bag also introduced through
the vaginal trocar. A variation of this vaginal appendec-
tomy was developed for cases where hysterectomy was
not performed, utilizing a posterior culdotomy or colpot-
omy.
This report presents a modified technique for transvaginal
appendectomy during TLH or LAVH utilizing small ports,
thereby obviating the need for additional incisions,
12-mm trocars, or additional camera systems. With ad-
vances in camera systems, powerful light sources and
3-mm to 5-mm scopes, most operative laparoscopy pro-
cedures can be done successfully through 5-mm or
smaller ports. Smaller incisions have the obvious benefits
of less pain and lower chances of herniation and, of
course, being more cosmetic. With microlaparoscopy, de-
tachment of the appendix can be done but a larger inci-
sion is necessary to remove the appendix from the abdo-
men. Use of a stapler transvaginally speeds up the
appendix detachment and extraction through the vaginal
cuff opening as part of the hysterectomy.
Overall, upon review of our 42 cases, this technique of
appendectomy did not interfere with other procedures,
add significant procedure time, or cause intraoperative or
major postoperative complications. This method of ap-
pendectomy during laparoscopic hysterectomy utilizing a
vaginally introduced and retrieved endoscopic stapler en-
compasses the potential conveniences of the previously
described procedures.3–5 The surgeon has less difficulty
obtaining adequate exposure of the appendix laparo-
scopically and does not need expertise in vaginal surgery.
The only additional instrument used is an endoscopic
stapler-cutting device, which has been found to be safe for
laparoscopic appendectomy.19 As NOTES evolves with
improvement in instrumentation, other techniques could
be established following these fundamentals.
CONCLUSION
Appendectomy performed with an endoscopic stapler in-
troduced via a posterior colpotomy for amputation and
retrieval following TLH or LAVH appears to be a safe and
effective modification of established techniques with ac-
ceptable outcomes.
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